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© A digital recording apparatus (12) for recording 
signals received in a digital interface format compris- 
ing a categoty code, specifying a device (10) on the 
transmission side, digital main data, and digital sub- 
data for control, includes a category decoder (14) for 
judging the category code of the received data. 
When the judged category code is different from the 
category code of the recording appara&is (12), a 
microprocessor (15) converts the digital sub-data 
into the necessary digital sub-code data for the 
recording apparatus (12) and the data are thereafter 
recorded. p /g /4 
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APPARATUS FOR RECORDING A DIGITAL SIGNAL 



This invention relates to apparatus for record- 
ing a digital signal. 

In digital audio devices, such as compact disc 
CD players or digital audio tape recorder players 
(DATs), the read-out, recording and playback of a 
digital signal are performed on the basis of respec- 
tive digital signal formats which are different for 
each device. 

Therefore, if a digital signal is sent for record- 
ing from a device having one format to a device 
. having a different format the digital signal cannot 
be sent directly, and nor can the. digital signal 
readily be satisfactorily recorded on the reception 
side. 

To enable the transmission of a digital signal 
between different kinds of devices and the record- 
ing of the digital signal based on that transmission, 
a so-called digital interface format (I/O format) has 
been proposed. x: ^ _. r i: , b 

En the case where the transmission of a digital 
signal is performed using the I/O format a device 
on the reception, side receive^ . the, digital signal 
while always confirming a category code specifying 
the kind of a device on the transmission side. If the 
lands of device on the transmission and reception 
sides are the same,, that is, f when the category 
codes are the same, both the digital audio data and 
the digital sub-data (sub-code) are accepted and 
recorded on the device on the, reception side. How- 
ever, if the kinds of device t ,are different and the 
category codes are different, the .digital, audio data 
is accepted and recorded but.thef digital sub-data 
(sub -cods) is judged to be unsuitable .for decoding, 
so that it cannot be accepted or recorded. 

For this reason, when the, category codes are 
diffrent a sub-code such, as a signal for detecting 
th© beginning of a piece, for example, cannot be 
recorded, with the result that the audio data cannot 
be used effectively even if the audio data are 
recorded on the reception side. , 

According to the present invention there is 
provided an apparatus for recording a transmitted 
digital signal formatted , according to a predeter- 
mined digital interface format which includes main 
data, digital sub-codes, such as a device category 
code, user data and . channel status, wherein the 
' recording apparatus is capable of recording digital 
main data^ and digital; sub-code data, , including a 
category code specifying the recording apparatus' 
device type, according to a predetermined format 
the recording apparatus being characterized by: 
means supplied with the transmitted digital signal 
for detecting from the digital sub-codes a category 
code indicating the type of device which transmit- 



ted the digital signal; and 

means supplied with the transmitted digital signal 
for converting the transmitted digital sub-code data 
into corresponding sub-code data formatted ac- 
5 cording to the format of the recording apparatus 
when the detected category code is different from 
its own category code; 

whereby the recording apparatus is enabled to 
record the received main digital data and the con- 

io verted sub-code data onto a recording medium . 

In an embodiment of this invention, a digital 
recording apparatus for recording signals received 
by means of a digital interface format composed of 
a category code, specifying a device on the trans- 

'15 mission side, digital main data, and digital sub-data 
for control, includes means for judging the category 
code of the received data. When tthe judged cate- 
gory code is different from the category code of 
the recording apparatus, means is provided for 

2o ; converting the digital sub-data into the necessary 
digital sub-code data for the recording apparatus, 
and the data are thereat cer recorded: 

More particularly, a digital' signal sent through a 
digital interface based oh an I/O format from a 

25 ' digital device on the transmission side is divided 
into audio data D A and sub-code (control signals) at 
an input dividing circuit on the reception side. The 
digital' audio data D A are supplied directly to a 
' digital signal processing circuit, and the sub-code 

30 is further divided into user data U and a channel 
status C. The channel status C of the sub-code is 
supplied to a category decoding circuit, and the 
user r data U is supplied to a microcomputer for 
decoding. - : 

^ f :>i ^ fhe Category decoding circuit judges the kind 
"of 'device on the transmission side on the basis of a 
category code Cc of the channel status C. 

: in the case where the device on the transmis- 
sion side is a^different kind of digital device having 

40 a data format different from th© reception side, a 
discrimination signal Si i is supplied to the micro- 
computer. 

in response to this discrimination signal Sli, 
the' microcomputer develops various kinds of sub- 
45 code data, for instance, start' ID <3-ID). a track 
(piece) number (PNO), a programme duration time 
\ (^-time), an "absolute duration time for the whole 
recording (A-time). 1 etc! based on user data U sup- 
plied from a digital input dividing circuit. The 
so, microcomputer then supplies the sub-code data 
obtained from the user data 0 to the digital signal 
_ processing circuit ' 

' The digital signal processing circuit converts 
the audio data D A and various kinds of sub-code 
data into the recording format of a DAT, which is a 
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recording device on the reception side and per- 
forms recording. t , - . . . 

Here, when the category decoding circuit* 
judges that the device on the transmission side is 
the same kind of device and has the same cate- 
gory code as the reception side, a discriminating 
signal Sfe is supplied to the microcomputer. 

In response to the discrimination signal SI2. the 
microcomputer. separates a start ID (S-ID), a sync 
(SYNC) and a shortening ID. as sub-code data from 
the user data U. The microcomputer then supplies 
the sub-code data to the digital signal processing 
circuit. . : - . 

The digital signal processing circuit converts 
the above-stated audio data D A and sub-code data 
into a DAT recording format, and performs record- 
ing. 

The invention will now be described by way of 
example with reference. tQthe accompanying draw- 
ings; throughout which like parts are referred to by 
■like references, and: in which: 

v Figures 1-and 2 are ; schematic diagrams for 
use in explaining the data format of a QD; 

■ Figure \ 3 js. a : diagram ^showing, the. reiation- 
ship between the P and Q, channels on^a CD; 

Figure 4 is at' schematic diagram Showing a ' 
bit arrangement of the Q channel shown in Figure 2 
and a. control bit.forma£ * ... , At „-._ 

Figure 5 is. an explanatory diagram showing 
the tape format of ; a. DAT; 

Rgure 6. is a schematic, diagram for 'explana- 
tion of a track t format and a block format of a DAT; 

Figure 7 is a, schematic diagram Explaining a 
sub-cod_e ID of a DAT;,- . . , v ^ . 

Figure 8 is -an : explanatory Idiaqrarn for ex- 

. plaining a control . ID of a DAT; f v-iV-"!--- 

Figure 9 is a schematic diagram jpr explain- 
ing a data ID; t ,. rt .. 

■ .. .Figures 1Q ; ;and;.l1. ai;e. schematic diagrams 
for- explaining sub^pde p and ,£u£-pode data of 

a DAT;. \. xv 9 \ - J, s .,- 
. v,,r Figure, : 12 is a .schematic diagram for ex- 
: . plaining a. digital ^dip. jnte^ce.fqrmat; 

. 'Figure 1.a is a schematic diagram showing a 
. format .of £ bit arrangement of' a. "channel status 
shown in Figure 12; „ 

. Figure. 14 is. a-blpcfc.dijagrarn showing an 
.embodiment of digitaJ recording apparatus to which 
the present. invention is applied:. and H ( . 

. figures ^15 to 17carejschem^ for 
: respectiyelycexplaining. an example for. converting a 
: digital. signal .based.pn.4 s^^?^^ into a ,' 
, digital, audio interface jformat. "["^ ' 



; - Description* of the emtodfe^^ given in T ; ss 

the following order: . „ fi 

(a) The. format of ^.digital jouipiit Signal of a " 

CD. , • - "- • ^7 r 



(b) The format of a digital output signal of a 
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(c) The I/O format of a digital audio interface. 

(d) The transmission and conversion of a 
digital output signal from a CD to a DAT. 



(a) The format of a digital output signal of a CD. 

In a CD, a digital signal (in this section called a 
digital output signal) is converted and recorded in a 
digital data format shown in Figures 1 and 2. This 
data format handles 588 bits as one frame, and a 
sync pattern FS of a particular pattern is added to 

: the Head of each frame. The 0-th to the 32-nd bit 
following the frame sync FS comprise an alternat- 
ing pattern of direct-current-component suppress- 
ing bits RBs, of three bits each, followed by data 
bits DBs, each having fourteen bits. 

The 0-th data bit DB is a sub-code C S us cor- 
responding to digital sub-data and is employed for 
ptaybatk control of a GO. ; The 1-st to 12-th and 17- 

~ th to 28-th' data bits fa 6 are allotted to the audio 
data D A as digital audio data, arid the remaining 
r l3 L -th v to TG^ data bits DBs are 

assigned to parity data for an error correction code. 
For each data* bit DBF, 8-bit data are converted into 

"fourteen bits'by a known eight to fourteen conver- 

* sion proc'ess on recording. 

" %l the 98 frames Of the above-mentioned digitaJ 
data are ■called oVie block, and with this one block 
various kinds of processes are carried out. 

: Figure 2 7 shows a data format in which one 

^ biock (98 frames) are arranged in the'order shown 

^by ^eliminating the - direct-current-component sup- 
pressicrfi bits RB ahd«forming each data<bit DB with 

'eight bits?. As showri in' Rgure 2; :a sub-code Csua 

'^of each - frame is composed of one . symbol (eight 
bitSjiland 98 symbols fbrtfis one 'subcode frame. 
Sub-ci>d^ areas of "the frames 0 and 1 form a sub- 
code sync pattern " that : is^a predetermined bit pat- 

' tern. Also; each of the eight, bits of theisub-code 
CsuB are separately - labelled P. G, R, S. T, U. V 
and W, respectively; beginning from, the side of the 
sync patterns FS. ' * ** • 

The physical coYrespondance . between the P 
and Q channels of the sub-code Csub and the CD 
' is 1 shown in Rgure 3. A»fead-irr areia: starts at the 

1 inrier diameter W the : Cd at abomt 46 *mm and ends 
at about 50 mm .^After this is a programme area of 
1 * up tb a maximum 6r 116 mm :followed~by a lead- 
; ourarea:"AlOT t r a' TOG -(table-of .contents) is in the 

f:: 'sub-co'de Q'charihel-of the lead-nn: portion. 

> V The : P channel-, ihdicates: the, beginning of the 

l ' lead : in * area, the '.fead^out area. and,;each track 
'(piete of : music). -The P* channel is.' *;a flag for 
indicatihg'a pause and music. The flag takes a low 
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level for music and a high level for a pause, and 
has a pulse signal with a period of 2 Hz in the lead- 
out area. As a result, by detecting and counting the 
P channel, designated music can be selected. 

The Q channel can perform the same kind of 
control in a more complicated manner and the bit 
construction in the Q channel is shown in Figure 4. 

!n Figure 4, the presence or absence of audio 
emphasis, the presence or absence of prohibition 
of digital copying, and information indicative of 
either a CD-ROM for audio purposes or a CD-ROM 
for computer purposes are represented by a flag. 
Also, a track number PNO shows the piece num- 
bers from 1 to 99. The track number PNO number 
OO means a lead-in track and AA means a lead- 
out track. It is possible to divide Bach track into 1 
to 99 by an index number. Here, an index number 
00 means a muting interval. Also, there are two 
kinds of time codes, that is, P-time of track number 
unit and absolute time or A-tim© as shown in Fig- 
ure 3. The P-time of a track number unit is reset 
for each track, and the A-time starts at the begin- 
ning of a music programme and continues until the 
whole programme ends. - ,* L ; , l 

By supplying the information of the Q channel 
into a microcomputer provided in the disc repro- 
duction unit, random selection of music such as 
immediate movement to the playback of ether mu- 
sic during the course of music reproduction can be 
done. ; 

Channels R to W (8-bit para!!e! data) disposed 
after the P and Q channels are employed as graph- 
ic data and used to display the poet, the composer 
of a piece recorded in a disc, its explanation, lyrics, 
etc. or to explain the piece verbaiJy. ; 



(b) The format of a digits! output signal of a DAT. 

As shown in Figure 5, all the data recorded on 
each of the oblique tracks 7A and 7B formed on a 
magnetic tap© 1 having a width A is called a 
segment Here, in Figure 5, ± a indicates the head 
gap angle azimuth (a = 20 ") and the azimuth 
angles are mutually opposite in the adjacent tracks 
7A and 78. Also, an arrow indicates the tape for- 
warding direction. Figure 6A shows a recording 
format of one segment. 

When it .is assumed that a unit amount of 
recording data is one block, date, of 196 blocks 
(7500 u sec) is contained in one segment As can 
be seen from Figure- 5. one frame is made up of 
two tracks 7A and 7B formed by, the -heads A and 
B. Each of the tracks 7A and 7B has a length 
corresponding to the rotation of each of the respec- 
tive heads through an angie of 90* and is par- 
titioned from its lower end (that is from right to left 
in the figure) into 5.051* of a margin area of 
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eleven blocks, 0.918* of a two block preamble 
area for the PLL of the sub-code, 3.673* of an 
eight block first sub-code CSi ( 0.459* of a one 
block postamble area. 1.378* of a three block 

5 interblock gap area in which data is not recorded, 
2.296* of a five block pilot signal for ATF tracking 
area, 1.378* of a three block interblock gap area, 
0.918* of a two block preamble area for the PLL of 
data. 58.776* of a 128 block data area, 1.378* of a 

w t three block interblock gap area, 2.296* of a five 
block AFT signal area, 1.378* of a three block 
interblock gap area, 0.918* of . a two block pre- 
amble area for the PLL of the sub-code, 3.673* of 
an eight block, second sub-code area CS 3 , ^0.459* 

;5 of a one block postamble area, and 5.051 of an 
. eleven block margin area. It should be noted that 
the scale of the respective areas in Figure 5 is not 
exact. 

The PCM signal is composed of a two-channel 
. 20 s stereo PCM signal consisting of L (left) and R 
(right) channels, and parity data of an error 
detection/correction code. In. the case where the 
one segment . shown / . in Figure 6A is 
, / recordepyreprociuced; t by a magnetic head (not 
25 shown), audio data lie is. recorded on the left half 
side of the PCM signal recording area and audio 
data Ro is recorded on the right half side. The 
audio data Le is made up of even numbered audio 
data of the L 'channel and. parity data for that data, 
■ 30 : while the audio data Ro are composed of odd 
numbered audio data of the R channel and parity 
. date for those data. The even number and the odd 
v number are . the ones counted from the beginning 
• i t qf an interleave block. Similarly, one segment of 
. 35 , v data is -recorded on a track formed by the other 
: ■: magnetic, head- with the same structure as one 
track mentioned above. The. .purpose of recording 
audio data of the even number and the odd num- 
. i -bar of each channel on two .adjacent tracks sepa- 
.-. 40. t, : rately and recording audio data of.the'L channel 
and the R channel on the same track, is to prevent 
continuous data .errors of the same channel due to 
- .drop-out etc. t '[ 

, Figure 6B shows the data block structure of the 
<4S PCM data -signal. At the start of the block, an 8-bit 
(that is one symbol) block synchronization signal is 
s , . added* and an 8rbrt PCM-lb, W1 , is then added. 

Next to the PCM-ID, a block address W2 is added. 
. The processing of error correction and coding of a 
so simple parity if performed witri respect to the two 
symbols W1 and W2 of the PCM-ID and the block 
. ... address. The resulting 8-bit parity is added next to 
•the block address * and following that is placed the 
. . i ? PCM data with ; its parity. \ . 
. s§c . ThP block address ; W2 is "composed of seven 
- bits, except for the, most significant, bit (MSB) as 
shown in Figure 6D. A value of 0 as. the most 
significant bit indicates that this block is the PCM 

4 
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data block. 

The block address W2 of seven bits varies 
sequentially from (00) to (7F) (hexadecimal nota- 
tion). The PCM-ID is defined so that the three least 
significant bits of a block address rnay be recorded 
at each of blocks (000) (010) (100) (110). An op- 
tional code of the PCM-ID can be recorded in each 
block address having less significant bits (001) 
(011) (101). (111) of the block addresses. ID1 to 
ID8. each having two bits, and a frame address of 
four bits are contained in the PCM-ID. In the ID1 to 
ID7, respective identification information is defined. 
For example, the ID1 is a format ID for identifying 
whether it is for audio use or other use, the ID2 
identifies pre-emphasis ON/OFF and the character- 
istic of the pre-ehifihasis, and the ID3 identifies a 
.sampling frequency/ The number 1 of channels, the 
bit number of quantization, the track width, and 
permission for or inhibition of digital copying are 
identified by the ID4, IDS, ID6 arid ID7, respec- 
tively. Also, the ID8 is a code for constructing a 
pack, and a pack is cbmposed of 32 ID8s; The ID1 
to ID7 and the frame address are regarded as the 
same data in the segment of Interleave pair. Re- 
writing ''(^r^rebo^ding'j/c^h^ be carried out for 
the PCM^O' differerrty^fmm" "trti;sub-cdde ID re- 
corded in me sub-codes 1 and 2. 

Figure 6C shows the data bfock structure of the 
sub-code C a (for example CSi ) asr digital sub-data. 
It has a' data structure similar to .the 'above-men- 
tioned PCM block. As shown in Figure 6E, when 
the 1 most significant bit of the symbol' W2 of the 
sub-code block is set to 1, this indicates that the 
block is a subcode block. the*fbur least significant 
bits of the symbol W2 are regarded as* a block 
address, and eight bits of trie symbol Wt and three 
bits, except for the MSB and the* block' address of 
the symbbfW2, : are treated as ; a Sub-febde ID. The 
" error cdrnacflori probeSsiritg and'feodihg bf a simple 
' parity is'fonVwith regard to thetwo^symbols (W1 
and W2) of "the" subcode* block so as to add an 8- 
bit parity: ' "\ '* '* ' : ' ' * 

f ' The 'sub-cbde IDs take different data depend- 
ing on whether there is an even numbered block 
address* (tSB of the 1 block acidrbss'is 0) or odd 
" : niimbered blbck address (LSB of the block address 
is 1)* Namely, as^hbwn 'in Figure 7, the sub-code 
ir> of a block l whos» * Block address : has the least 
. siignffidant tirt 6 is made up^of a control ID and data 
' ID, eicH of which is ^composed ef "four bits. The 
subcode JD ; of ' k block : who'se; : block- 'address has 
theMeasf^nificant bit 1 isxomposed'of PNO ID(2) 
J W»dr PN6; iO(3)': 'A 'siib-cbde forrniri'Si' : a word W2 
contains a V-bit tefm'ar iD ' in the' c^e^ of a block 
whose block addres^ iVias the fea^ Significant bit 0, 
wriile ft bonteiris the PNO ID(T) In the the case of a 
block whbse bloc* address'* has ! the* last significant 
■ bit 1. f " - 
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A programme number, a lead-in area, a lead- 
out area, etc. are represented by three, of the PNO 
ID(1) to PNO ID(3). A control ID designating a 
playback method, a time code, etc. are included in 
the sub-code ID. The sub-code data has been - 
subjected to error-correction-code processing by 
Reed-Solomon code in a manner similar to the 
PCM data. It is to be noted that the sub-code ID 
can be rewritten differently from the above-men- 
tioned PCM-ID. The above-described control ID 
represents control information composed of 4-bit 
data as shown in Figure 8, arid each bit is set for a 
priority- ID, a* start ID (S-ID), a shortening ID, a table 
of contents ID (TOC-ID) from the MSB side in that 
order. The" priority ID, the S-ID, the shortening ID 
and the TOC-ID indicate the presence or absence 
of arter-recording of a piece number, the start of 
the piece and separation, feist forwarding until the 
next i; 'S-ID, and the presence or absence of TOC 
recording, respectively. Here, the start ID (S-ID) is 
a signal indicating the start of a programme, and is 
recorded for nine seconds (normal mode) from the 
start of a piece. At the time of playback, the start 
detection of the piece is executed by searching for 
this signal. Also, in the case of 1 as the: priority id, 
a priority if given to a piece * number specified at 
the PNO^ID. ~ 

The data lD and the= format ID are defined as 
shown in Figure 9. In the case of* 0000 as the data 
ID, the sub-code data . contains a pack, and the 
format ID indicates an applied area of the pack. 
With respect to data IQ other than all 0s, no special 
definition is given. ' f 

The- sub-code block shown in Figure 6C has a 
structure more specifically shown in Figure 10. 
Figure 1 1 - shows that two adjacent sub-code blocks 
are represented as one and that the sub-code data 
has a pack construction. 

Each pack has a data structure consisting of 64 
bits (eight symbols) as shown in Figure 11. In 
Figure -the recording*direction>is the longitudinal 
^direction, and- word xiames are attached .from PC1 
to P€8 for every eight bits in the: horizontal direc- 
tion. The first four bits of the word PC1 are treated 
as one item, and with this item, the contents of the 
pacli are indicated as follows: 
Item (0000):; 
: means that all of PC1 and PC8 are Os. ; 

Item (0001): - ■■ «hv ... ■> . 

• means that . data vof* the. pafck represent the pro- 
gramme time.< & ; - ' 
*fterhn(0010): ' - ->..*' -.•"V'.' 
"means that data of the -pack represent -the absolute 
time of a tape: ' - " " • ^ - - v ' 
Mtern (001V): : 

r 'means that data of the pack represent the. duration 
-of on£ recording. : • ■ •„ 
- Item (0100): 
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means that data of the pack represent TOC data. 
Item (0101): 

means that data of the pack represent year, month, 
date, a day of the week, time. 
Item (0110): 

means that data of the pack indicate a catalogue 

number. 

Item (01 M): 

means that data of the pack indicate ISRC (the 
international-standard-recording code). 
Item (1111): 

means that data of the pack are defined by a 
maker of a software tape. 

Items other than the above-mentioned ones are 
not defined. 

Also, the word PC8 of the pack is made as a 
simple parity code of the words PC1 to PC7. 

As shown in Figure 10, a maximum of seven of 
said packs (pack 1 to pack 7) and a C1 parity are 
placed sequentially in two blocks. The number of 
packs is indicated, by the .format 10. For example, 
in the case of the format ID (000), the number of 
packs is zero; in the case of the. format ID (001), 
there is only pack 1; in the case of; format ID (111), 
there are packs 1 to 7. \ , w -, , 

(c) The I/O format of a digital audio interface. 

Figure 12 shows a format of a ^digital audio 
interface (I/O format). As shown in Figure . 12A, it is 
assumed that a sampling period (1/Fs) is one frame 
to give a basic unit. Each digital output signal of 
the left (L) channel and the right (R) channel in this 
one frame ' is transmitted in the order from LSB (the 
least significant bit) to the left channel and the right 
ch^nel;' respectively. Data corresponding to each 
channel ; is called a subrframe. • and Figure 12B 
shows one sub-framev A sub-frame is qomposed of 
32 bits, and two sub-frames (both of the left and 
right channels) make one frame; 

As shown in Figure 12B, a preamble (four bits) 
for a synchronization for head detection and iden- 
tification of a sub-fram© is added to the head of the 
sub-frame. This allows for the identification of the 
left and right channels and judgement for whether it 
is the head of a block. The four ;next bits are 
auxiliary bits (AUX) and following that are twenty 
bits of audio data D A bits (audio sample) disposed 
as digital main data. After the audio data D A . con- 
trol, signals, each having one bit are disposed as 
digital sub-data represented by V, U, C and P. The 
auxiliary; yts. audio, data D A and control signals, are 
biphase-mark modulated. 

V is a validity flag to indicate, whether data are 
correct. The flag shows that data of a sub-frame 
are valid (reliable) if it isO, while it shows that the 
data are invalid (unreliable) if it is 1. For example, if 



both of the left and right channels are sent and the 
V of only the right channel is 1 , a digital device on 
the reception side reads only the left channel. U is 
user data, C is a channel status, and P is a parity 
5 bit. An even parity is used for the parity bit, for 
example, and error detection of the auxiliary bits, 
audio data D A and the control signals is carried out. 

As shown in Figure 13. the channel status C is 
defined by a data format in which 192 bits (one 
io word) contained in the respective sub-frames are 
gathered. Here, the channel status forms one block 
with 192 frames and this one block fomns channel 
'. statuses of the left and right channels (two words). 
By this one word (192 bits) of channel status, 
is the kind of device on the transmission side, the 
sampling frequency, etc. are indicated. Specifically, 
the first bit (bit 0) of one word identifies home use 
. (private use) and broadcasting use. Assuming that 
the home use has a mode II and the broadcasting 
20 Lisa, has a mode l/difterent formats are allotted to 
them, respectively, the presence or absence of 
emphasis and prohibition of digital copying (bit 2) 
~\ , are then defined by control : bits 1 to 5. Therefore, 
the presence or absence of the prohibition of copy- 
25 Jng is judged by examining the control bit 2. The 
;1 c designation of a device on the transmission side is 
. performed by. a category code Cc formed of bit 8 
... to bit 15, and a sampling frequency is indicated by 
- bit 24 to bit 27. The accuracy of the sampling 
30 ^frequency is indicated usjng the two bits bit 28 and 
'bit 2a" ' y . v; v . 

The error of mef sampling frequency is defined 
l by bits, 31 and 32.; This , is because there is a 
.- f n problem that a device on the reception side cannot 
>.35 follow, the sampling, depending on the degree of 
- ; Mj . - dispersion of the sampling* frequencies and be- 
, cause of copying with this problem. Here, the sub- 
* T^code^contrpt^signals V. U. 0 and P) are dealt with 
,,r the unit of ajblbck (192'fr^esi, / 

•40;, , -..^ . s>( " '. ! 

(d) The transmission and conyersibn of a digital 
out P ut signal from a CD, to a DAT. 

45 v As shown in Figure 14, assuming that a digital 
audio' device on the transmission side is a CD 
player and a" digital recording device on the recep- 
: tion side is a DAT. an example in which a digital 
output signal transmitted from the CD player is 
- so ; data-converted and recorded with the DAT will be 
explained. ~ \ ' 

As shown in Figure 14, a digital input dividing 
circuit 13, a category decoding circuit 14, a micro- 
computer 15 for decoding and a digital signal pro- 
55 cessing circuit 16 are provided in a DAT 12. In a 
CD player 10. a digital-output-forming circuit 11 is 
provided. The digital-output-forming circuit 1 1 is for 
converting a CD output signal, having a format 
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shown in Figure 1, into an I/O format shown in 
Figure 12. and supplying its converted signal. The 
digital-output-forming circuit 11 in the CD player 10 
and the input dividing circuit 13 in the DAT 12 are 
connected by an interface cable which could be an 
optical transmission . or a coaxial'cable, for exam- 
ple- 

The. input dividing circuit 13 divides the digital 
output signals Sio. supplied from the CD player 10 
on the basis. of an i/Q format into audio data D A 
and sub-code data composed of the control signals 
V. U f C P. The audio data D A is supplied to the 
digital signal processing circuit , 16. Also, the chan- 
nel status C is supplied to the category decoding 
circuit 14, and the. user data U is supplied to the 
microcomputer 15. 

The category decoding circuit 14 judges that 
the kind of. a digital device on the transmission side 
is a CD player 10 on the. 'basis' of the category 
code Cc of the channel status C from the input 
dividing circuit 13. The category decoding circuit 
14. supplies a discrimination signal Sh to the 
microcomputer 15 'when the kinds of the devices 
on the tr^sifiission and reception side$ are dif- 
ferent., ... \ . , . ... [, 

The microcomputer 15' develops the user sup- 
plied subcode data subh a£ the 'start lb (S-ID). the 
track number, that is the 'piece number (PNO), the 
time of the piece (P-Time), the absolute time (A- 
Time) ( etc.,, from the input dividing circuit 13, and 
supplies the data to a digital signal processing 
circuit 16 with a predetermined timing/' 

The digital signal processing circuit 16 takes in 
the audio, data Da supplied from the inpufdividing 
circuit 13 and the sub-code data feiJ from the 
microcomputer 15 accorc^ 
. timing and reforrhats ^em" Into the' bAt Recording 
format shown Jn figure SA-tbt output ^cf recording 
by a recording section '{not show'h) of the OAT 12. 

The following ar^'exaimpies '""of how* the DAT 12 
performs data conversion and recording of a digital 
output signal, S ro formatted according to the I/O 
1 format from the transmission. side: 

1. Formation of :the. digital? output signal S© 
based on the I/O format on the CD player 10 side. 

* 2. Dkte conversion processing and conver- 
. siopVto a. DAT format of 'jthejcli0ital : bi^ut signal 
Sip in tile DAT ^12. ' ' c ^ £ '\ % J 

' . s 3. Processing and' cortversibn" into : the DAT 
- format of a digital 'oirtpCrt sigftaVlri adevice on the 
' reception' side "wherV the CD-player 1 0 lis changed 
. into a DAT. '^ '^ '° 



1 . Formation of the digital output signal Sip based 
on an I/O format in the CD player 10. 

First, the audio data D A of the CD shown in 
s Figure 1 is transferred into the slot of the audio 
data D A of an I/O format shown in Figure 12B for 
each sample. In this case, in the CD format, there 
are twelve samples of audio data D A (six samples x 
two channels) per frame as shown in Figure 2. 
;o However, since only two samples of the audio data 
D A per framie can be transmitted in the I/O format 
as shown in Figure 13B. six frames (6x2 = 12 
sub-frames) in the I/O format are needed to trans- 
mit the audio data D A of one frame of CD. 
75 As a result, one frame of the CD sub-code 

similarly corresponds to six frames of the I/O for- 
mat, and the slots of six preambles and twelve bits 
(six "frames x two sub-frames x one bit/sub-frame 
= twelve bits) for each of the control signal V, U. C 
20 'and P are provided. Namely, the control signals V. 
~ U, C and P per one frame -of CD are each twelve 
: ' "bits; Consequently.^ the control signals V. U. C and 
* ' ' P form a data format of 98 frames, (corresponding 
1 : - to dne-l5lock of CD) in the longitudinal direction, 
is ; twelve bits in the lateral direction (corresponding to 
one frame of CD) as shown in Figure ISA. 

Hereafter, how each sub-code is added to this 
data format is shown. 
- A flag for validity or invalidity is added to the 
30 control signal V (validity) for every sample. The 
; control signal U . (user** data) forms one sub-code 
£ " • * : block :6f 98 frames. The sub-code syne word is a 
. ^minimum of sixteen 0 bits. In the case, of Figure 
; * - Mil 15A, =24 0 bits in. the 0-th and. 1-st frames are the 
is j sub-code sync ; word.. A start ; bit (1); a sub-code (Qi 

* * to Wi -of . the hth frame of CD and : dummy bits (that 
' T " is ■ 0s) ^re- : inserted, respectively^ . at the : first bit of 

ft j; : the -headr the' second, to . the;:, eight, pft§< and the 
* : V; ninth to'tfie twelfth bits are; shown in Figure 15A. A 
4o distance ^WL (word length):between the, start bits is 
t t 'Varied between eight bits- and sixteen bits by 
changing the number of dummy bits as shown in 
: ( Figure 15B. Data of the format shown in Figure 13 
.* is encoded depending on a predetermined code 
45 f contained in the control signal C (channel status). A 
parity bit for even parity is added . to the control 
• * signal P (parity). In this way. the CD audio data D A 
''-arid sub-code C S uff ar© converted, into an I/O for- 
• v: rmatr respectively to be. the digital output signal S to 
• '^b:. -and produced serially to the DAT,- 12 from the CD 
. • * player ,10...* •* •* ? ... 

• h ; 2^ Data conversion . processing and conversion into 

55 a" DAT" format of the .- digitai output signal S lo in the 
DAT player : , 12. 

> \\"- . * The input dividing circuit 13 : .divides the re- 
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ceived digital signal Sio into digital audio data D A 
and sub-code (control signals). 

The audio data D A is supplied directly to the 
digital signal processing circuit 16, and the sub- 
code if further divided into the user data U and the 
channel status C. The channel status C in the sub- 
code is supplied to the category decoding circuit 
14, and the user data U is supplied to the micro- 
computer 15. 

The above-mentioned category decoding cir- 
cuit 14 judges the kind of device on the transmis- 
sion side based on the category code Cc of the 
channel status C. In this example, the device on 
the transmission side is the CD player 10, and a 
discrimination signal Sh indicating that it is a dif- 
ferent kind of device from the DAT 12 is supplied 
to the micrcomputer T5. 

The microcomputer 15 develops various kinds 
of DAT sub-code data, for example, a start ID (S- 
ID), a track number, that is piece number (PNO), a 
progress time P-Time, an absolute time A-Time, 
etc. as shown in Figures 4 and 16 based on the 
user data U to the digital signal processing circuit 
16 according to a predetermined timing. 

The microcomputer 15 then supplies various 
kinds of data obtained from the user data U to the 
digital signal processing circuit 16 according to the 
predetermined timing. 

The digital "signal processing circuit 16 con- 
verts the above-mentioned audio data D A and var- 
ious kinds of sub-code data into a recording format 
shown in Figure 6A to form a digital output signal 
Soa and supplies and records it onto a recording 
section (not shown) of the DAT 12. 

In the recording, parity is added to the audio 
data D A and recorded in a data area of a PCM 
block. 

In addition, with respect to the sub-code data 
of a DATA, the start ID (S-ID) is continuously 
recorded in the bit of the start ID provided in the 
sub-code ID (control ID shown in Figure 8) for nine 
seconds from the head of a piece as shown in 
Figure 16. Also, a track number PNO is recorded in 
the PNO-ID provided in the sub-code ID. 

The programme time (P-Time) and the ab- 
solute time (A-Time), etc. are respectively recorded 
on packs shown in Figure 10 provided in the DAT 
sub-code data area 

In such a manner, the sub-code data of the 
digital output signal S !0 is converted into data nec- 
essary for the DAT 12 on the reception side and 
processed and then made into the digital output 
signal S D a together with the audio D A to be re- 
corded according to the DAT format 



3. Proc essing and conversion into the DAT format 
of a digital outpu t signal when the" device 10 is 
changed to a DAT? 

5 When the device 10 on the transmission side is 

changed from a CD player to a DAT, the user data 
U becomes 1 in ieach timing shown in Figure 17. A 
sync SYNC, a start ID and a shortening ID are 
identified by this timing of 1. It is judged that the 

io device 10 on the transmission side is the same 
kind of digital device having the same category 
code as the device 12 on the reception side. A 
discrimination signal SI2 indicative of that effect is 
supplied to the microcomputer 1 5. 

75 In response to the above-mentioned discrimi- 

nation signal SI2, the microcomputer 15 develops 
sub-code data from the start ID (S-ID). the sync 
SYNC and the shortening ID shown in figures 17A 
to C among the user data U. The user data U 

20 becomes 1 in response to the sync SYNC at a 
predetermined timing (each word Lo of every 30 
msec as shown in Figure 17A), and the start ID is 
. supplied to the digital signal processing circuit 16. 
This start ID has been set to 1 for nine seconds 

25 from .the head of a programme (a piece) as shown 
. in Figure 16C for searching for the piece, and the 
start ID is detected by the DAT 12 to perform the 
head detection of the piece. 

- Further, when the microcomputer 15 detects 

co the shortening ID inserted in the programme as 
shown in Figures 16 and 17 from the control signal 
U (user data),, it supplies the shortening; ID to the 
digital signal processing circuit 16. The digital sig- 
. "rial processing circuit 16 converts the audio data 

35 fV af|d sub-code data into a DAT riBcording format 
, for, supply and recording by a recording section 
(not shown) of. the DAT 12. Namely the audio data 
j- c: > is record in ^ data, are^" of the PCM block and 
the DAT format, and with respect to the sub-code 

4Q ; d^ ,the r.start ID ($-ID) r and the shortening ID are 
recorded, respectively V at each bit of the corre- 
sponding start ID and shortening ID of the control 
ID shown in Figure 9. Also, the sync SYNC is 
recorded at the head of each programme for syn- 

45 . chronteation to perform the head detection. 

. : , .Here, although .digital, audio devices such as 
the CD player 10 and the DAT 12 are exemplified 
for explanation in this embodiment, the invention is 
■ applicable to digital recorder/player devices gen- 

50 erally. - : . . . . , ; . 

, Since an i, embodiment ^ detects a catelgory code 
\ ; based, on .a, signal transmitted by a device on the 
transmission side through a digital interface and 
when the detected category code is different from 

55 its own category code, digital sub-data are con- 
verted into its own necessary data and stored. For 
this reason, digital sub-data of a digital signal trans- 
mitted from the transmission side through the digi- 
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tal interface can be converted into necessary data 
on the reception side. This operation occurs even if 
the transmitting digital device has a data format 
different from that of the receiving device. As a 
result, a digital signal can be recorded as a whole s 
in better form on the reception side. 

Consequently, since digital, control sub-data 
(sub-code) can be recorded, in addition to digital 
audio main data, differently from previously pro- 
posed systems, such operations as head detection 10 
of pieces and skipping can be done. As a result, 
the digital audio data recorded on the reception 
side can be fully used. 



Claims 



\bb a start ID and a 'track number based on user 
"data. r : .' ' ' """" ' ' 



15 



1 . An apparatus (12) for recording a transmitted 
digital signal formatted according to a predeter- '; ; 
mined digital interface format which includes main 20 
data, digital sub-codes, such as a device category 
code, , user data, and channel status, wherein the 
recording apparatus (12) is capable of recording 
digital main data and digital sub-code data, includ- 
ing a, category cqde specifying the recording ap- 25 
paratus' device type, according io a predetermined 
format, the recording 'apparatus (12) being char- ' 
acterized by: * * " 

means (14) supplied with the transmitted digital 
signal for detecting from the digitif sub-codes a ~3o 
category cqde indicating the type* of device (10) 0 
which transrnitted the digital Vignal; and v : • 

means (15) supplied .with W transmitted digital 
signal, for converting the fransmitt)9d digital sub- 
code, data into corresponding sub-code data for- as 
matted according to the format bf the recording 
apparatus 02) When the 'detected category code is 
different from its own category codd; ' c - ' 
whereby the recofdincj' app^atus ;(l 2i is enabled to 
record ;the received mkiri digital data 1 and the con- 
Verted ^ subcode date^rito a reccxdirig medium (1). 

2. Apparatus' (12) according to; C^ni i further 
comprising, means ^ 

ted digital signal for separating thd'mafn data, user 
data and channel statiiS frdm the digital interface 45 
format and Wherein said "detecting 'means (1 4) de- 
tects the category^ code! from the separated chan- 
nel status data!; " "* f 

'3. Apparatus (12) 'accbrdihg to Claim 1 com- 
prising a 'digital "audio tape refeorder-(12) and '-so 
wherein said converting means (15) generates sub- - 
codes for the ^ital audib tape recorder (12) such 
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When the judged category code is different from the 
category code of; the recording apparatus (12). a 
microprocessor (15) converts the digital sub-data 
into" the necessary digital sub-code data for the 
recording 1 apparatus "(12) and the data are thereafter 
recorded: 
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